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STUDIES OH HATUPulL VlEPulTIOilS 
OF A LATPIE-BSD UITH HYPEPEOLOID KEBBIHG 


Chatter is aii undesirahle piiGnoinenon in machino , 
tool oporo-tion* Ono of the fa.ctors that ho.vc a bG3.ring on 
chatter is the natural froguency of the vibrating system. 

In the present '•roii'C a HMT Lathe-bed SIC-62-206-5, 
has been analyzed to predict the natural frequencies and 
modes of vibration using lumped-mo-ss method, - it^ro t^noes 
of idoaliza-tions are considered. Effect of var.1a.tion in '■ 
%-/all thickness *t* and vail depth *d' on natural frequen- 
cies is studj.od,'- 

v A general computer programme is developed vith 
the aid of which lathe-bed with different typos of ribbings 
can also be analyzed in addition to the study of effect of 
vo.riation j.n structural parameters on the natural frequency. 
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CliiiPTSR I 


IITTRODUCTION 

When a machine tool is utilized to cut metal it 
may experj.ence three tyr.es of vibrations najrely free, 
:^orced and self-excited vibrations. Free vn.b rations 
arising due to shock and forced vibrations arisixig due 
to unbalanced rotating parts etc. can be eliminated vicen 
the cause is known. Self-excited vibrations arise due 
to variation of cutting conditions such as depth of 
cut and. cutting speed. The variation in cuttj.ng condi- 
tions generates a change dp in cutting force p. 

Depending upon the nature of dp, the resulting vibrations 
either grow or decay, Groirth of vibrations loads to 
unstable cutting conditions and doco-jr leads to stoadjr- 
stato cutting conditions. The self-excited vibrations 
are referred to as “chatter^* in motal cutting. The. 
source of self-oxciting energy is in the cutting process 
itself. 

The basic diagram of the process of solf-oxcited 
vibrations in motal cutting is. shown in Fig, 1. It is a 



Fig, 1 i Basic diagram of chatter 
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closed-loop systom and has three elonionts. Element (l) 

is the cutting process. Slement (2) is the vihratory 

system of the machine, Elciiiont (3) is the mutual 

diroctional orientation of element (1) and oloniont (2), 

Vibra,tion jKt) "between tool and vForh piece influences 

the cutting process (i.o, part (1)) so as to cause a 

variation dp of the cutting force p, 'dp', acting on the 

vi'bratory systom of the machino creates again vibration 

y(t). Limit conditions for stable machining are changed 

if the mutue.! diroctional orientation of Element (1) and 

Element (2) is changed, 

Cha-ttor is a violent vibration betwoon the 

tool and the work-piece. Chatter is detrimental to 

surface finish, tool life a.nd production rate. Maai^r 

(1 2 3 4 ) 

chatter theories have been propounded^ ’ ’ ’• . The 

process of chatter has been studied with the aim of 
creating firstly/ rules by means of which tho choice of 
cutting conditions can bo mado and socondly, rules for 
the design of machine tools with higher stability, 

Machino tool structure has significant effect 
on tho stability of tho cutting process, Tho dyiiamilc 
behavior of tho machine tool structure is of liimiGnse 
nmiportance because the cutting procoss will remain free 
of disturbance If the stiffness bet^reen the work and 
the tool and the stiffness in tho drive are infinitely" 
grea.t. Cutting process is disturbed if the steady state 
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r^latj'/o niotio;': of t'lo tool is oltorod* Stocid:/ sto.to 
rolativo motion of tlio tool is I'.ltorod if tlio tool 
doflocts or if a torn.st oconrs in tho tro.nsnij.ssion train 
or on o-c count of sonc similar cause, 

Tho variation dp in cutting force p (*dp^ is 
a.lso called djmariic cutting force olomont) a^cts on tiio 
machine structure and forces the structure into vibra.»- 
tion. This effects a chanigc .in the relative position 
of the cutting odgo ■'.-Jhich in turn loads to a cho.ngo in 
’dp’. The disturhancG forces the structure to vihrai-to 
in one or more of .its natural modes of v?’.hration, Tho 
na.tural mode dotoriuincs tho relative iPxOtion of tho 
cutting odgo with roforonco fo tho uorch and is 
also partly responsible for dooidi.ug tho form and 
characteristic of the dynamic cuttj.ng force olomont ’dp’, 
Tho idoal machino tool do sign uarra.nts froodom 
from chaotter, Tho stability of cutting process is 
dorendent on both na.tura.1 and chatter froquenc.ios in 
a.ddition to other ps.ramotcrs Ho:.icg, tho hnoulodgo 

of .natu.ral froquencios and .normal modes of vibration 
of tho machine tool structure .is essential to an undor- 
standing of tho dynamic response of a structure undor 
any kind of oxcitation. 

Since 1963j rosGarch worl'ors ha.vG started 
forking toira.rds the prediction of dynamic cliaracter.ls- 
tics by computers^ J Einduja o.nd Gowlo^m ho.ve 
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stated that ’Finite-o lorn out Method' is superior to 
^boan-liko olenent approach' , One of the lii'iitati'ons o'i^ 
the beain^like eleaent approach, according to then, is 
that ”It is difficu1-t to define the equivalent bean 
characteristics of machine tool structural olenents, 
particularly those of non- slender form and with internal 
ribbing and apertures etc*«. Their conclusion is that 
the superior technique of finite elomont nethod involves 
high conputating costs and this is the lixiitation for 
its use. 

Despite the claln of superiorit^x of 'Fiiiito- 
olenont Method’ and the Ihnitations of the 'Boain-lilne 
olenent approach with lumped masses’, the latter lends 
Itself to a substantial simplification in the riathomatical 
problems, involved in doteitiining the static ajid dynamic 
stiffness characteristics of a structure. 

In view of the aboTO observation, booii-l ike elements 
"i/i Ml luj-ipea— mas se s a,ro used to ■idoaf’ise i-T i ' t'-Tt- 

)>oci structure (SK-62-20R-5) for proclctlns natural 
froquanolGS and nodes of vitratlon. ,1 cenputer proE;ra-xia 
IS aovelopofi to conpute the results. The design of tho 
lathe-bod is analyzed with tvro different typos of Idoall- 
zation. For the original design, tho effects of variation 
of tho structural paranotors, nanaly thiclmess of tho 
mam walls and their depth, arO; studied. 



GHlPTI^Ii II 


-■JuiLyTlC.IL DDTPPJ^IIL.TIOH OF N.lTuFIj:, 
FrS'^LTFl'TClFS ;j'"D TIJiTUiuiL HODFG OF YIBICTIOl'I 


2.1 IFTPODUCTIOIT 

In the absonco of o:rciting forco and damping 
neglected, the equa.tion of notion for nnlti-clcgree 
limnO'Vinass syston nanr be written as 


- W b/} = 0 


( 2 . 1 . 1 ) 


Whore 1 Klancl are stiffness and mass natricos 

re spocti"Ol 3 r and (y]?\y} the generalized co-ordina-tes 

and their second derivatives respectively. To find the 

natura.1 frequencies a-nd nod.es of vibration, the- ro fore, it 

is necessary to obtain the structure stiffness nic^trix 

and the structure mass natrdoc TmI • The K.M.T, latho~bod 

D 


structiire, details 


which o-rc shown in tlio drawings 


(Appendix II), is idealised as shown in Fig, 2. For each 
elonent, elenont-stiffness natrix and elenent-nass na.tr5.x 
in olonent-oriented axes are obtained, Facli one of the so 
natrj.ccs is transfomed to chosen global coordino-tos. 


Asseably of the se trans.fomed natiPlcGS procucos the 


riatricesIK anc.in , 


Inserting those values in oqa.(2,l,l) a.nd. , 
reducing it to an eigon value problou, the eigon values 
arc found by power nethod given in roferonce (14), The 
eigen i/aluos thus found g:j.vG the .reciprocal of the sciuaro 
ox the no. turn! frequencies whereas oigen vector associated 
: wi thv ench: i.e:igen :)yalued :^:the: ::Oib deo;“ :shaFb*; A v; ; -v 
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Truly distributed mass systems have an infinite 
number of degrees of freedom* For practical purposes it 
is sufficient to deal with limited number of degrees of 
freedom, which can be represented by a lumped-mas s~ 
spring system. Hence the lunped-mass method is used 
for the present analysis* 

2,2 IDEALIZATION OF THE STHJCTUBE 

A lino diagram (Fig, 2) shows the portion of 
the lathe-bod structure (Appendix II) between the bolted 
ends. The front-wall and the rear-wall are each divided 
into 7 elements. The ribs ^oi^iing the front and rear 
walls are separated, into 14 eloments. In all there are 
28 G lenient s and 22 joints. The joints are also loioim 
as nodes. Nodes 1, 2, 21 and 22 are fully restrained. 

In case of three-dimensn-onal motion, there are six 
degrees of freedom at each node. As 
there are 18 free nodes, the number of degrees of 
freedom in this case is 108, Tho nodes arc so numbered 
that tho band-width of resulting structure stiffness 
matrix is as narrow as possible. The elements are 
numbered row-wise. 

It is assumed that the lengths of the elonients- 
length along the centroidal axis of the element- lie in 
a plane. Tho end.s of the bed are treated as rigidly 
fixed. The system of one of the intermodj.ate ribbings 
is sho't’/n in Fig, 3, This ribbing is of inverted *U* 



IDEALIZED STRUCTURE 






: E lO V 






9 


shape. Its HjhIds aro h^rpcrbolic In shape i/liaii soon in 
tliG plan viow, Tho ontire ribbing is idealised as 
forcniing 5 elements (9, 10, 14, 17, 18). 1 vortical 

cross-soction of tho ribbing at tho contro is shown 
in Fig. 4, showing the stiffnor olomont 14 and the 
inclination of tho limbs to tho vortical. This incli- 
nation being orly 5® is ignored, Tho guide strips, 
bolted on to tho top of tho front and roar ualls, c-ro 
consr'.dorod integral with the wa.lls. Tho curved portions 
.in tho cross-soction arc approximatod by straight linos. 

Tho structiiro axos are chosen as shoifn in 
Fig, 5, The element axis x^ coincides with tho centroidal 
axis of tho element , In the caso of main wall olenionts 
1 to 7 and 22 to 28 x^-axis coincides with the struntuiro 
axis Xg» The orientation of ribbings is shown in Fig, 2, 

2.3 SLThFHT STIFFI'JSSS lilTRi:: 

The element stiffnesses for the restrained 
element shown in Fig. 6 are the actj.cns exerted on the 
olomont by the restraints P'hon nnit displacements 
(translations and rotations) are imposed at each end 
of the element. The values of those restraints are 
given in reference (9), Tho unit displa-cemonts are 
considered to bo induced one at a time irhilc all other 
end- displacements are retained at zero and thoy are 
assumed to be positive in x^? y^ and directions* 

Thus tho positive senses of the three translations 
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and three rotations at each end of the element are 
indicated in Fig, 6, The single headed arrows denote 
translations and dpnhlo headed ones the rotations. 

There arc twelve displacements in all and the 
resulting stiffness natrjjc for the element is (12x12), 
The derivation of tho elonont stiffness matrjjc is given 
in reference (9), The stiffness matrix derived, is 
for a hcam-olomcnt. It is utilized in the anal 3 rsis a.s 
the hoam-che.racteristic doEiino.tcs in the given struc- 
ture, As tho depth to length ratio is fairls?" high 
(about 0,18) 5 the shear dnfoiiiiation cannot he nogloctod. 
There foro the stiffness-matrix for the hoam-olement 
dierivod in reference (10) which tahes into account 
shear deformation is adapted and is given in Table 1, 

2,4 BLUMFIIT MASS ILITPdX 

During the froo-hamonic vibration of the 

structure, inertia forces will exist throughout tho 
(4) 

whole structure , The structural mass may be 
represented by discrete mass points. The masses are 
lumped at the nodes, .The inertia forces may be repre- 
sented at all such points by equa,tion of the fern: 

Pj., Sin w^t = Sin Wj^t (2,4,1) 

whore , 

Sin Wj^t = the jjiortia force acting at 


mass point ^m* 
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\ Sin = the displaconont of tha mass 
point 'n' 

7.f 

"'ll = tho valuG of the mass 

“ ^3-tural frequency of the n’tii nefi 
‘equations may to represented in matrix 


lom j 


h3 = pi] [d] 


wliorOj M is fivon lev 


(2,4.2) 


Where, m = ziass of half the Gloaoiit 


%YY» rionoiits of inertia 

of half tho Gloment about tha spocifiod axes. 

2 .5 ROTITIOI'-T TILlPSFOmiATIOU MIIRIZ 

Tho eleiaont stiffness natrix is fomulatod 
first for Glenent oriented axes. It is necessary to 
obtain olenent stiffness-matrix in the structure axes 
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■'-ith a vioTf to assoinblo all olonont-stiffnGsc 
inatricGs to procluco the structure stlffnoss uatrix* 

TliG Gloraont-stif fno ss-raatrtz .in tho 
structure axes Is olDtalnGd from oloiioat-stiffnoss- 
niatrl.x in o3.Gnent axes, ley iriotliod of rotation of axes, 

(9) 

Hio rotation trG-ns.fornation no-trix corrosnonds 
to tlio 12 tji^os of d3.splG.cai:ionts in tlic diroct-lon 
of structure axes* 


In gGiioral, the space irano Glonont nay 
havG .its principal asces y^ and z in sketr directions. 
The oriontation of the principal axes is specified 
hy moans of an a.ngle ( 6 ) of rotatio.n about tho 
Xg-axis, Such o-ii angle is neasurod by considoring 


tho throe successive rotations from structure aocos 
to the clenent axos (Fig. 7 and 8), 

(3x3) rotation raatrnx for rotation about 

F 

Yg axj.s is given by 


H 




Cos^ 

0 


0 

1 


_1_-Sln(l 0 


Sinf! 

0 

Cosp 


(2.5.1) 


(3x3) rotation matrix for rotation about Za 
a3cis is given by 

Cos-/ Siny 0 

H . = {-Sin-^ Cosy 0 j (2.6.2)3 

0 0 1 
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'■G 


(3x3) rotation natrjx for rotation o,bciit 
”■ “axis j.s given by 

fl 0 0 

0 CosQ SinQ! 

0 -Sin © Co 3^5! 


I'e = 


(2,5.3) 


Tlio roto.tion matrix for -Sio tlircc successive 
rotatj.ons sliovTa in Fig. 7 is givon by 


R = Rfi R R . 

« P / 

In terras of direction cosines. 


(2.5,4) 


R = 


y 


-CxCyCose -C^Sine^^ 


+ c| 

X z 


Cos© 


“C^^C^Gos © +C^Sin© 


daF c‘z 


C^CySin© -C^Cos© f-2 




2 2 
C„ + G^ 


G^^G in Q + G„,Gc s 9 


-Jc:; + Sine 

\/ X z ry ~ 


x/c; G 


(2.5,5) 

The direction cosines are calculated from the coordi- 
nates of the joints* 

Hie rotation trails forraation 1 -ia.trijc Rj, for 
a spa.ee , frrai,aG o.lciiGiit is given by, 

Ir 0 0 0 

lO R 0 0 

:o 0 R 0 

0 0 0 


R^ = 


T> 

±L 


(2^5,6) 



16 


Acc. No. / 


28310 


For a vortical iiiGnbor, tlio rotatio-i transfoi’'iat.1.on 
matrix is given by-j 


R„ 


0 


-G Cos Q 0 
7 


C Sin Q 

tX 


0 


0 

Sin 0 
Cos € 


(2.5,7) 


If - rjlonont Stiffness-matrix in GloniGnt orientod 
azG s 

^SD~ I'loEiGnt StiffnGSs*-i:iatrix in structure axes 


tl.iGn 


a 


% 

■vrtiG re 
1 

4s the transpose of 
Similarly, 

.IM = 3M Pvj 
whore 


(2,5.8) 


(2.5.9) 


SLI = Slomcnt mass matrix in element oriented as:cs 
IM = SloiriGnt mass matrix in structure acres, 

2,6 STnaCTTJRI] STIFFNFSS i'UTBIZ 

A nenibor ’i^ in a space frano will have 
3oint numbers 3 and k at its ends. There are twelve 
displacements of the joints associated with this 
member, • 

The (12x12) stlffness-na.tr car is generated, 
for each element (^Irt 2.3) and its contributions to 
the stiffnesses of joints 3 and k are assessed. For 
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Gzoxiplo the fi 


3- cd 0 colunin xn mCitPlDc 


J]D 


contribute s 


"to tho CVGr-'^T 1 -io-’U-i-t- o“ , C 

follows ; 


J ^ -iT ^ “'^•n 1 ^ ^ 


51, jl C.'-ZD 

‘‘''J^i 2,51 = Z^T) + %D2,l^i 

^''J^'4,51 = I^D ^^.D4,l\ 
^^'■J^’ 6,31 "" TK-t^+C 


jr ^ 

5^ i 


^=25D • ^^IDSa 

(K) = fv > 

J ki,5i ^"‘■i:d7,i^*. 


(KJ 


= (K 


■l'k 2,51 ^‘^HDSjl^i 
^^""j^kSjjl " %D9,1^ 


^^^j\4,5i ^ ^Sdio,i^i 


^"HDlljl^l 


), 

) 


(2.6.1) 


) = CK 

J k6,jl SD12,l^i 

Tho first subscript of (IZ^) is the nunbor that 
denotos tho location of tho action itself and tho 
second is tho indox for tlio unit displacenont causing 
the action. J is the contribution of all other 
eloaonts foiaing tho joint. Eleven other sots of 
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equations, Each set involves transferring elements 
from a given colujtnn in the matrix to the appro- 
priate locations in the matrix (^j)* 

The structural mass matri:: is obtajjied in exactly 
the same way. The element mass nia.trlx in glohal coor- 
dinates is generated. The contrihution of each element 
foiTiiing the joint is assessed and posted to the 
appropriate locations in the over-all structu-ra,! mass 
matrix which is a diagonal matrj.x in the present formu- 
lation. 


2,7 S3CTI0NAL PROPURTISS 

Elastic and inertia properties of the elements 
constituting the structure, must ho Imo^m to construct 
the stiffness and mass matrices of the elements. These 
properties are evaluated using the sectional properties 
of the element. The sectional properties needed are 
1) area, 2) the location of centre of area, 3) the 
principal axes through the centre of area and 4) the 
second moments of area with respect to the principal 
axes. 

The method enumerated in roforonce (11) is 
used to detennine the required sectional properties. 

The contour of each section is approximated by a sequence 
of straight lines and circular arcs which are convex 
or concave, A set of suita-blo local axes is chosen, 
with respect to vrhtch, coordAnates of each segment of 
the contour arc stated. The contoiu’ of the section is 
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c-ividod in’';o tn-zc portions, up'ocr and lower, Dotween 
two ortromo cornors, Soctional properties a.ro calcu- 


lated for iDoth upper lower portion sogniontc, Suiaraing 
up the rospoctive proportios for all tho upper and lower 
portion sogrrents, the proportios of ''lie section in- 
question arc found as tlio dif fore nee Ido tween the sums, 
Tho co-ordinatos of tlio contre of a. re- a arc found by 
dividing tho appropriate- first moments of area by tho 


area of the cross- section. 


The principal second nionionts of area aro found 
b^?- transferring the second momonts of aroa 1^., 
calculated in local asros, to a system of 
co-ordinate axes (x* , yO parallel to tho local ojcos 


and passing through tho centre of .area and then rotating 
tho (x* , y' ) apcos through 3.n angle Q given by 


6 = -g- tan”^ 






(2.7.1) 


0 is measured from x^-eoris and it is taken as positive 
in the anti-clocld.'j’iso direction. Tlio principal second 
momonts of aroa aro ovaluo.tod from the esrprossio-ns; 


cos e + ly, Sin^ Q - Sin 2 © 

Iy« = Ut Sin® 0+ Cos® e+ 


(2.7.2) 


X 


x‘y‘ 


Sin 2 6 
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2*8 H'lSRTIA PROPERTIES 


= mass cf half the elomoni 
^ 1 


"2 % AL (2,8»1) 

X'/iioro = mass densit;/ of the material 

A = area, of cross~scctioii of tho eloment 
L = length of tho GloniGiit 

~ ma.ss moment of inertia about x~axis 

= f (z^ + y^) dx dy dz = (1^ + 

V (2.8.2) 

where V - volume of Imlf the elomont 

= mass moment of inertia about y-a:':is 


Imyy 


f 

■f t (z^ + X ) dx dy ds = 
1 




I LI 

o 


— AC II !■ 


(2.8.3) 


%3Z. 


mass moment of inertia about z-axis 


(x^ + ^'^)dx dy dz =f 

lid + ^-’"1 

_/* 

24 2 J 

V 

(2. 


The X, y and z axes are elomont oriented aeros, 

2.9 DERIYATIOII OF RATURAL ^^RSQITEHCY 

(13) 

Tho equations ^ 'of motion for multi-degree 
lumped-mass system may be written as 


fii] Jy] + [K]hi = 

D I 




(2.9.1) 


where 


jHl = diagonal matrix containing masses of the 


system 
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gGiiGralizcr;'. co-ordinatc-s and 
thoir second derivatives ro spoctivol 3 r 
^IC3 = square stiffness matrix 
^P(t)5 = a colujin niatri;: of applied forces 

If the syston is vjdo rating in a nomal node vo no.y 
nahe the substitutions , 

Ih = ivl Vi ry> - 4 I ''h 

|F(t)]= 0 


to obtain 

or i IZ M - 0 


( 24 S. 2 ) 


trhore is the column matrix or vector, of the 

nodal displacements for the n^^ node. Noting that 
a^ cannot be zero a.nd using Cranor’s rule, v‘c 

WJ*j^4-aG 


1 W- 4 MJ= 0 

Pronul tip lying equation (2,9»3) b^?" got 



(2.9*3) 


(2*9.4) 

(2,9.5) 
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Substituting X 


•w^ 

n 


-1 


l Ai lu]^ = o 

fr. 

Li called the dj/nanic natrix< 

D-- signaling this matrix by a, \iq got 

I -L - Ax \ = 0 


(2.S.6) 


(2.9.7) 


■'-■•igon value A gives the reciprocal of the sqtiare of 
the natural frequency. Associated with each eigen 

value A is an eigen vector giving the characteristic 
uoclG slicipG^ Tho dyiiciTiiic 


A = [_Kj^ pg 


D 


IS non-synmetric. Therefore power nethod^^^Vis used 
to obtain the solution of equation (2.9.7), 



chapter III 


effect of structural PARiil-iSTSRS OR 

RATURiiL FRSQTJSFCY 

i-iis ■fclii cl'in© s s a.iid. dsioUn * d* oT 0 - 1 © fronU 
and rear walls are ve.r5.ed to stud37' the effect of these 
parameters on the natural frequencj?" of the lathe-bed. 
The sectional details of the ribs are icept the sane 
as gj.ven in the original drawing. 

For idealization shown in Fig, 2, first six 
natural frequencies are computed for five combinations 
of 't' and * d’ , For the design under consideration 
(HITT Lathe-bed, SK-62-206-5, Appendix II) t = 2,5 cm 
and over all depth d = 38.0 cm. The thickness Is 
varied from 1.5 cm to 3,5 cm in steps of 5 iiEi, In 
each case the depth is suitably/ chosen such that the 
mass of the bed is very nearly constant. The maximum 
variation of the mass in the present case is found to 
be about Length and width of the bod are held 

constant. 

The natural frequencies for the above varia- 
tions are given in Table 2. The computed results are 
also plotted in Fig. 13, with natural frequency as 
ordinate and thickness to depth ratio as abscissa. It 
is seen that for the first mode the t/d ratio of 0,0658 
gives the highest natural frequency. For the rest of 
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the modes it is clear that the natural frec!uenc3’' rises 
rather steeply with increase in t/d ratio and it reaches 
its raojc.im’Uia value in the neighhourhood of t/d=O.OS, The 
curves of Fig, 13 do not represent enact or eriuirical 
mathena.t.rcal rela.tioiiship hetueen natura.l frcouencj'" a.nd 
t/d ratio, Hotjovci-, they give an idea of prohohlc 
von’iation of na.tural froquencjr uitli t/d ratio. The 
changes in natural frequency for each change in the 
parorictcrs ^t* and * d‘ can he readily assessed uhon the 
na.tural fnequoncy is an imuortant criter.lon of dGs.ign» 

An alternative idealization is shoun in Fig,9* 
In this case, the elements 9, 10, 18, 17, 1.4 and 11, 

12, 20, 19, 15 as shown in Fig, 2 are replaced hy 
two inverted 'U* sharped oleine nts. The idealization 
has 48 degrees of freedom. The first fundaineiitc.1 
natural frequency is 129,5 CPS, This is about 9,^^ 
loss than that produced by the previous idealisation. 

The time required for processing this programme in 
IH'I7044 computer is a little over 3 minutes. On the 
other hand the prograrmie of the more detailed ideali- 
zation with 108 d,o.f takes more than 22 minutos,' 
Therefore for the purposes of an estimation the idea- 
lization with 48 d.o.f (Fig* 9) is well suited. 

The first three mode slmpos, for idca.lization 
(Fig, 2) with t=2,5 cm and d=38.0 cm are shown in 
Fig, 10, 11 aind 12, 
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T. ABLE 2 

Jomputod natural Froqucncios in crs,. 



[doalizatio 

I'i I. Fig, 

2 dTo'IH 

= 100 

F I do all 

■zCi-tion jt’ 

... 


■**.*-*r^^»»i* 



0 Pis:. 9 

D,0.P=48 

t 

cm 

1.6 

2,0 

2.5 

3.0 

3,5 

2 

! rr 

d 

cm 

56.8 

45,1 

38,0 

33.3 

29.9 

38 

.0 

r'lO do 


Natural Fro quo nc 

lies in cp 

s* 



1 

131,5 

128.5 

141.0 

134.0 

135 ,.4 

129 

.5 

2 

- 184,0 

228.0 

279.0 

278,0 

270.0 

243 

.0 

O 

o 

20S.0 

269.0 

283,0 

290.0 

289,0 

272 

.0 

4 

239,0 

276,0 

291.0 

297.0 

284,0 

■■ 343 

.0 

5 

260,0 

286.0 

299.0 

305 .0 

298,0 

540. 

.0 

6 

263.0 

295.0 

306,0 

308.0 

307.0 

663, 

.0 


Natural 

frequency 

values are roundoc 

i"Off for 

clarit3r 


of coiiiparison. 
















MK'i- 

Wmm 







CMPT3R IV 


COICLUSIONS AND SITGGE 


STIOHS FOR FJTITRR WOHC 


Conclusions : 

1) The high® st) first- TuiidcUiioiital iio-tural frequoiicy 

o. 06S8 

occurs at t/d = This t/d ratio, incidentalljr, 

haupens to bo the ratio for the design under investiga- 
tion. As the high(3st magnitude of the first-fundoriental 
natural froquoncy is desirable, the design is satis- 
factory from this point of vieu for the conditions 
stipulated. 

2) Tlio conputer progroiaae developed is a general one, - 
It can be used by designers to study the effects of 
variat.lon in structural paraiaeters. It can also be 
used to analyzG lathe-bed structure uitli different 
t’/r>es of ribbings for predicting natural frequencies 
and i:iados of v1.bration. 

Suggestion for future work s 

Width 'w» of the bed, in corabination with or 
UF nay bo varied and changes in natural f requency nay 
bo assnssod. 

To ovGi’coi'.io sono of the objections to nodea.ling 
based on bcara-liko oloment approach, the elements 
nay bo treated as plates and finite-element method 
may bo used for the analysis* 
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AppmiqDix I 


COMPUTER PROGRi’JA'in) FLOW DIAGHAj 












